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Background. Understanding sexual networks involving acute human immunodeficiency virus (HIV)-1 infections (AHI) may 
lead to prevention opportunities to mitigate high rates of onward transmission. We evaluated HIV-1 phylogenetic and behavioral 
characteristics among persons with AHI and their referred partners.
Methods. Between 2012 and 2014, 46 persons with AHI in Malawi participated in a combined behavioral and biomedical inter-
vention. Participants referred sexual partners by passive referral. Demographics and sexual behaviors were collected through inter-
views and HIV-1 genetic relationships were assessed with phylogenetics.
Results. Among 45 AHI participants with HIV-1 sequences, none was phylogenetically-linked with another AHI index. There were 
19 (42%) AHI participants who referred a single partner that returned for testing. Most partners (n = 17) were HIV-infected, with 15 
(88%) presenting with an established infection. There were 14 index-partner pairs that had sequences available; 13 (93%) pairs were 
phylogenetically-linked dyads. The AHI index was female in 7/13 (54%) dyads. Age-disparate relationships among dyads were common 
(≥5-year age difference in 67% of dyads), including 3/6 dyads involving a male index and a younger woman. Index participants with a 
referred partner were more likely to report no casual partners and to be living with their current partner than participants not in dyads.
Conclusions. Passive-partner referral successfully identified partners with genetically-similar HIV infections—the likely source 
of infection—but only 40% of index cases referred partners who presented for HIV-1 testing. Future work evaluating assisted partner 
notification may help reach susceptible partners or more people with untreated HIV-1 infections connected to acute transmission.
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The detection of people with acute human immunodeficiency 
virus (HIV)-1 infection (AHI) offers an important opportu-
nity for intervention. In Malawi, an estimated 38% of hetero-
sexual transmissions result from onward spread during AHI 
[1], and many other studies support the critical role of AHI in 
the spread of HIV-1 [2]. Such high onward spread of HIV by 
people with AHI could compromise community-wide “treat-
ment as prevention” [3] and HIV-1 eradication efforts. These 
HIV-1 prevention efforts may be facilitated by a detailed under-
standing of local HIV-1 transmission dynamics and networks, 
through combinations of phylogenetic analyses and behavioral 
data, including contact networks [4]. Phylogenetic analyses 
of persons diagnosed during AHI and their sexual partners 
provide opportunities for insight into transmission patterns at 
the leading edge of the epidemic. Such opportunities include 
assessing the effect of interventions [5, 6] and tailoring HIV-1 
testing and notification strategies based on knowledge of the 
transmission network. Effective partner notification strategies 
are important to identify HIV-uninfected persons who are at 
high risk of HIV-1 acquisition, as well as persons with HIV who 
are unaware of their infection [7], such that they can be linked 
to antiretroviral therapy to decrease onward transmission [8]. 
However, partner services to facilitate notification and testing 
for partners of persons with newly-diagnosed HIV-1 are limited 
in sub-Saharan Africa [9].
Between 2012 and 2014, persons with AHI in Malawi par-
ticipated in a pilot clinical trial to assess the effect of a com-
bined behavioral and biomedical intervention in reducing 
onward transmission [10]. Sexual partners were recruited for 
HIV-1 testing by passive referral from index cases. In this re-
port, we evaluate the extent to which index cases with AHI 
are connected to their partners and each other, using phyloge-
netic analysis of viral sequences, and we examine the behav-
ioral, demographic, and phylogenetic characteristics of referred 
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sexual partners. The results highlight potential opportunities 
important for HIV-1 prevention.
METHODS
Study Setting
The Malawi Methods and Packages in Prevention Programming 
acute intervention study (ClinicalTrials.gov #NCT01450189) 
enrolled 46 persons with AHI, detected using a pooled HIV-1 
RNA polymerase chain reation algorithm, from 2 HIV test-
ing and counseling centers and 2 sexually transmitted infec-
tion (STI) clinics in Lilongwe, Malawi. Screening occurred 
between June 2012 and January 2014. Index participants were 
randomized to standard HIV-1 counseling, a behavioral inter-
vention, or a behavioral intervention plus antiretroviral therapy. 
Detailed methods have been reported previously [11]. In brief, 
AHI was defined as a positive HIV-1 RNA (ie, detectable virus) 
and negative or discordant HIV-1 antibody results. Per Malawi 
HIV testing algorithms, antibody testing included serial rapid 
testing using Alere Determine HIV-1/2 (Alere) and Uni-Gold 
Recombigen HIV-1/2 (Trinity Biotech), with a tiebreaker in the 
event of discordant results. Persons with 2 positive results were 
considered HIV-seropositive. This study was approved by the 
Institutional Review Board at the University of North Carolina 
and the National Health Sciences Research Committee of 
Malawi.
Passive Partner Notification
Index participants were encouraged to refer all sexual part-
ners in the 3  months prior to diagnosis for HIV-1 testing 
using referral cards. Partners who were 18 years of age or older 
and reported to the clinic with their card were offered enroll-
ment in the study. After providing written informed consent, 
enrolled partners completed a baseline questionnaire and 
underwent serial HIV antibody (Ab) testing. Partners found to 
have an established (Ab-positive) HIV-1 infection were asked 
to submit a blood specimen for HIV-1 sequencing and were 
dismissed from further study participation, following refer-
ral to appropriate HIV care. Partners testing Ab-negative or 
Ab-discordant were screened for AHI. If found to be acutely 
infected, partners were provided with post-test counseling and 
asked to provide a blood specimen for HIV-1 sequencing. All 
HIV-seronegative partners completed additional HIV-1 testing 
at quarterly study visits designed to align with the study visits 
for the index participant. Follow-up for partners concluded 
upon study completion by the referring index participant. 
Behavioral and demographic information were collected from 
index and partner participants at each visit using audio, com-
puter-assisted self-interview software. Small financial incen-
tives were provided to index participants and referred partners 
for participation in the study (up to $5 per session); however, 
there were no financial incentives provided to index cases spe-
cifically for referrals.
Human Immunodeficiency Virus–1 Sequences and Phylogenetic Analyses
Samples were collected for HIV-1 sequencing at baseline (index 
cases and partners) and follow-up visits (index cases only). 
Partial pol sequences were amplified from plasma-derived HIV 
RNA (Qiagen Viral RNA kit) in 2 fragments, as previously 
described [12]. Approximately the first 200 amino acids of the 
reverse transcriptase (RT) gene and the entire integrase gene 
(index cases only) were sequenced. Major drug resistance muta-
tions were evaluated using the Stanford HIV Drug Resistance 
Database (hivdb.stanford.edu). Reference RT sequences were 
selected, using a Basic Local Alignment Search Tool  (BLAST) 
search to identify the 10 most closely-related sequences to each 
study sequence in the Los Alamos National Laboratory HIV 
database (http://www.hiv.lanl.gov). Sequences were aligned using 
MUltiple Sequence Comparison by Log-Expectation (MUSCLE) 
[13] and edited manually with stripping of gapped positions.
A maximum-likelihood phylogenetic tree was constructed with
all study and reference RT sequences in Randomized Axelerated
Maximum Likelihood (RAxML) [14], with the general time-re-
versible model of nucleotide substitution and gamma distri-
bution of invariant sites. Bootstrapping of 1000 replicates was
performed to assess statistical support of clades. Clades involving 
sequences from ≥2 individuals were assessed for phylogenetic
linkage based on a short genetic distance (ie, maximum pairwise
distance <0.015 nucleotide substitutions per site) and high boot-
strap nodal support (ie, >70%) [15]. Associations between phy-
logenetic linkage and demographic/behavioral variables among
index cases were assessed with Fisher’s exact test.
RESULTS
Study Population
Index participants with acute HIV-1 infection were predominately 
male (27/46, 59%), with a median age of 25 years (interquartile 
range [IQR] 22–32). Nearly all (45/46, 98%) index participants 
had at least 1 sequence suitable for the phylogenetic analysis, and 
were thus included in our analyses. Of these 45 index cases, 19 
(42%) referred a single sexual partner that reported for HIV test-
ing and enrolled in the study. In total, however, these 45 index 
cases named 136 unique sexual partners, so the 19 successful-
ly-enrolled partners represented only 14% of all named partners.
Index participants who referred a partner that presented for 
HIV-1 testing were similar by most demographic features to 
those who did not have a partner return for testing (Table 1). 
However, index participants who had a partner return were 
more likely to name a steady/main partner (78.9% vs 40.0%; 
P =  .01), report no casual partners (57.9% vs 16.0%; P =  .02), 
and be married or living with their main/steady partner (89.5% 
vs 61.5%; P = .05), compared to index participants who did not 
have a partner return.
Partners presented for HIV-1 testing a median of 9.5  days 
(IQR 4–29) after their referring index partner enrolled in the 
study. Of the 18 referred partners with demographic information 
available, most were women (61%, 11/18; Table 2). Among the 
19 referred partners, 15 (79%) had an established HIV-1 infec-
tion (HIV-1 antibodies) at presentation, 2 (10.5%) seroconverted 
during follow-up, and 2 (10.5%) remained HIV-seronegative for 
the duration of their follow-up (~3.5 months each). Of the 2 who 
seroconverted during follow-up, 1 male partner had AHI at the 
time of presentation and 1 female partner was initially Ab- and 
RNA-negative and subsequently seroconverted by her first fol-
low-up visit (5.5 months after initial presentation). Of the 18 re-
ferred partners with questionnaire data available, nearly all were 
married or living with a steady partner (17/18, 94%) and most 
reported only 1 sexual partner in the last 3 months (15/18, 83%; 
Table 2) Given the nature of the questionnaire, sexual behaviors 
reported by partners could not explicitly be identified as having 
occurred with the referring participant.
Phylogenetic analysis was conducted on all participants 
with sequences. Sequencing was successful for 45/46 partici-
pants with AHI and 14/17 (82%) of the partners who were or 
became HIV-positive. For the 3/17 HIV-positive partners for 
whom sequences could not be obtained, 2 had HIV-1 RNA 
<50 copies/mL and were likely on treatment; the remaining 
partner seroconverted after baseline sampling. Each of the 14 
partners with sequences was referred to the clinic by a unique 
index case, yielding 14 index-partner pairs.
Phylogenetic Analysis
The maximum-likelihood tree included sequences from 45 
index cases (n = 44 baseline and 18 follow-up sequences), 14 
partner baseline samples, and 345 unique reference sequences. 
We discarded 2 RT sequences from analysis due to suspected 
mislabeling (each from an index case with an RT sequence avail-
able at baseline and follow-up time points). Complementary 
phylogenetic analysis of integrase sequences from multiple time 
points, including these index cases, showed only intra-indi-
vidual clustering; thus, mislabeling was suspected rather than 
multi-variant infection (Supplementary Figure 1). Most (94%) of 
the 59 participants with sequences had sequences with subtype 
C; 2 were subtype A. Viral diversity among index participants 
was high (mean pairwise genetic distance >6%), demonstrat-
ing a lack of connection of index cases. Index sequences were 
Table 1. Demographics and Sexual Risk Behaviors 
Characteristic
Index Participant (n = 45)
P Value
No Partner Returned (n = 26) Partner Returned (n = 19)
n % n %
Age, median years (IQR) 25 (22–32) 28 (23–31) .54
Gender .52
 Male 16 61.5 11 57.9
 Female 10 38.5 8 42.1
Married or living with a steady partner .05
 Yes 16 61.5 17 89.5
 No 10 38.5 2 10.5
Education .64
≤ Primary completed 14 53.8 12 63.2
Some secondary 6 23.1 5 26.3
≥ Secondary completed 6 23.1 2 10.5
Employment status
 Employed 19 73.1 15 78.9 .74
Not employed 7 26.9 4 21.1
Total partners, last 3 months
≤ 1 13 52.0 11 57.9 .77
>1 12 48.0 8 42.1
Named partners, last 3 months
Total, median (IQR) 2 (1–3) 1 (1–2) .37
Steady/main partner
 0 15 60.0 4 21.1 .01
 1 6 24.0 13 68.4
 2–3 4 16.0 2 10.5
Casual partner
 0 4 16.0 11 57.9 .02
≥1 (range 1–4) 21 84.0 8 41.2
Data were reported at baseline among index participants diagnosed during acute HIV-1 infection who had a partner return for HIV testing by passive referral, compared to those who did 
not have a partner return.
Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range. 
interspersed throughout the tree, which included reference 
sequences sampled throughout southern Africa (Figure 1).
Among the 14 index-partner pairs with sequences available 
for both partners, 13 (93%) were in highly-related, phylogeneti-
cally-linked dyads (<0.015 nucleotide substitutions per site); all 
dyads involved index-referred partner pairs (Figure 1; Table 3). 
Only 1 referred partner among all the 14 index-partner pairs 
with sequences was not phylogenetically linked with the index 
case. All phylogenetically-linked participants were in male-fe-
male dyads; 7 (54%) of the 13 linked dyads had female and 6 
(46%) had male index cases (Table 3). There was 1 acute-acute 
partner pair (Dyad #5) detected. None of the 45 index AHI par-
ticipants were phylogenetically-linked with 1 another.
Altogether, the analysis shows a high degree of genetic linkage 
(putative transmission partnerships) between index cases and 
their referred partners, indicating shared transmission. Among 
all index cases (n = 45), gender and age were not associated with 
membership in a phylogenetically-linked dyad. However, index 
cases identified in a dyad (whether male or female index) were 
more likely to report no casual partners in the prior month at 
their initial, visit compared to index cases with an 
unrecognized 
source of infection (45% vs 10%; P = .009), and were more likely 
to be living with their current partner (92% vs 59%; P =  .04). 
In 2 dyads, both the index and partner shared identical, major 
drug resistance mutations (K103N in Dyad #13 and M184V, 
T215F, and K103N in Dyad #8) indicating transmitted muta-
tions (Figure 1; Table 3).
Age-disparate relationships were common among the phylo-
genetically-linked dyads. Among the 12/13 linked dyads with 
complete demographic information, 8 (67%) had a greater than 
5  years age difference between the index case and the part-
ner, with 6 of these involving younger women and older men 
(Figure  2). Among 6 partner dyads with female AHI index 
participants, 3 involved age-disparate partnerships with older 
men. Conversely, in 6 dyads with a male with AHI, 3 involved 
younger women.
DISCUSSION
People with acute HIV-1 infection play a critical role in the 
spread of HIV-1 [2]. We have previously developed a variety of 
strategies to detect people with acute HIV-1 infection in Malawi 
[11, 16–20] and the United States [21–23]. In the current study, 
we evaluated the potential HIV-1 phylogenetic relationships 
among participants diagnosed during acute HIV infection and 
their sexual partners, by examining viral sequences.
The importance of HIV-1 transmission in early HIV-1 infec-
tion is a critical question in the era of “treatment as prevention.” 
We have previously identified geographically- and phylogenet-
ically-linked clusters of people with acute HIV-1 infection in 
North Carolina [24]. In contrast, in Lilongwe, we noted no spe-
cial relationship between 45 participants with AHI, although 
all were detected in the same city and the same clinic over 
19 months. The absence of close phylogenetic linkages in this 
population may be due to the relatively small number of acute 
infections identified through presentation for concomitant STI 
symptoms, rather than through a comprehensive, region-wide 
AHI surveillance program. We are continuing with a larger 
study in Malawi (ClinicalTrials.gov #NCT02467439) that con-
siders the potential of such clusters and looks more closely at 
the location and venues of subjects with AHI.
Acutely-infected index participants were asked to refer their 
sexual partners using passive referral, where the index person is 
expected to inform and direct their partner to the clinic. With 
passive referral, nearly 40% of index participants successfully 
referred a single partner that presented for HIV-1 testing; how-
ever, fewer than 15% of all named partners presented for eval-
uation. Most of the presenting partners had a chronic HIV-1 
infection that was phylogenetically-linked to the acutely-in-
fected index, suggesting that these partners may have been the 
source of the index’s acute infection. Thus, although passive 
referral was inefficient as a means to reach most partners, the 
partners that presented were important in the transmission 
chains.
Table  2. Demographics and Sexual Risk Behaviors Among Referred 
Partners of Persons with Acute HIV Infections
Characteristic
Overall (n = 18)a
Median (IQR)
Age, years 26.5 (22–32)
Number of sexual acts, last month 8.0 (2–10)
n (%)
Gender
 Male 7 (38.9)
 Female 11 (61.1)
Married or living with a steady partner
 Yes 17 (94.4)
 No 1 (5.6)
Education
≤ Primary completed 14 (77.8)
Some secondary 1 (5.6)
≥ Secondary completed 3 (16.7)
Employment status
 Employed 11 (61.1)
Not employed 7 (38.9)
Total partners, last 3 months
 ≤1 15 (83.3)
>1 3 (16.7)
Total partners, last monthb
 ≤1 15 (88.2)
>1 2 (11.8)
Any unprotected sex in the last monthb
 Yes 13 (76.5)
 No 4 (23.5)
Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range. 
aThe analysis is based on 18 partners, with full demographic information.
bn = 17; 1 referred partner was missing data on sexual behaviors in the last month.
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Figure 1. Maximum-likelihood phylogenetic tree, constructed with HIV-1 partial pol sequences from 59 study subjects (76 sequences) and 335 reference sequences, 
identified through a BLAST search of the LANL HIV database. Reference tips are labeled with LANL accession numbers. Clades involving only LANL references are collapsed 
for display purposes. Study sequences are labeled in black (acute index cases) and blue (partners). Individual persons are shown with shapes at tips: the circles are men and 
squares are women. The numbers at the tips are dates of sampling (month, year). Dyads are labeled as 1–13. Bootstrap support is labeled at clades involving study sequences. 
Abbreviations: HIV, human immunodeficiency virus; LANL, Los Alamos National Laboratory. 
Table 3. Characteristics of 14 Index-partner Pairs with HIV-1 Infections and an HIV-1 pol Sequence Available
Pair ID Participant Gender Age Married
HIV-1 RNA
(Copies/mL)
Days 
to First 
Seqa
Genetic 
Distanceb
Major Drug  
Resistance Mutation
1 Index M 41 0 >10 000 000 7 0.004 …
1 Partner F 27 1 281 895 15 …
2 Index F 35 0 >10 000 000 7 0.003 …
2 Partner M 32 1 201 030 91 …
3 Index F 19 1 2 538 529 5 0.003 …
3 Partner M 25 1 298 907 14 …
4 Index F 23 1 14 975 12 0.007 …
4 Partner M 27 1 94 271 12 …
5 Index F 38 1 168 106 12 0.001 …
5 Partner M 49 1 >10 000 000 17 …
6 Index M 27 1 >10 000 000 4 0.004 …
6 Partner F 20 1 20 076 7 …
7 Index M 23 1 2 141 468 7 0.005 …
7 Partner F 27 1 192 750 17 …
8 Index F 25 0 >10 000 000 10 0.007 M184V, T215F, K103N
8 Partner NA NA NA 131 763 25 M184V, T215F, K103N
9 Index F 19 1 1 485 143 10 0.012 …
9 Partner M 21 1 2982 18 V106VAMT,Y181YC
10 Index M 30 1 951 731 6 0.011 …
10 Partner F 36 1 12 296 17 …
11 Index M 23 1 208 792 8 0.004 …
11 Partner F 34 0 NA 11 …
12 Index F 25 1 109 739 5 0.001 K103N
12 Partner M 34 1 110 615 11 …
13 Index M 29 1 3 517 217 15 0.003 K103N
13 Partner F 21 1 389 34 K103N
14 Index F 21 1 491 952 6 0.042 …
14 Partner M 21 1 108 970 9 …
Abbreviations: HIV, human immunodeficiency virus; NA, not available.
aDays from diagnosis (index cases) or enrollment (partners) to HIV-1 sequences sampling.
bPairwise genetic distance between HIV-1 partial pol sequences (substitutions per site), calculated using the general time-reversible  model of nucleotide substitution. 
Figure 2. Relationship between age at enrollment for index and referred partners in 12 phylogenetically linked dyads. Dyads are categorized by female index (top panel) 
versus male index (bottom panel), diagnosed during acute HIV-1 infection. Abbreviation: HIV, human immunodeficiency virus.
We have previously shown that active partner notification 
using either a contract or provider referral identifies twice as 
many partners as passive referral, and is cost-effective in this 
setting [7, 25]. Active partner referral strategies, including re-
ferral with incentives or provider-assisted partner notification, 
may also be more efficient in quickly diagnosing and treating 
HIV-infected partners of persons with AHI [26]. Furthermore, 
active referral may improve the timely identification of HIV-
uninfected partners engaged in serodiscordant partnerships 
[9], facilitating the early initiation of preexposure prophylaxis.
We observed a high proportion of phylogenetically-linked, 
stable partnerships among the index-partner dyads. These 
observations lead to 2 key questions: first, why now? What was 
the contributing factor(s) for transmission from these large-
ly-stable partnerships at this moment in time? Given that most 
indexes presented to STI clinics, a concomitant STI seems like 
a plausible contributing co-factor. Second, would active forms 
of partner referral lead to additional phylogenetically-linked 
partnerships and greater connectedness between partnerships? 
Given the greater effectiveness of active referral, additional 
linked partnerships would likely be identified, but whether 
more linkages between dyads would be identified through 
active partner services is unclear. In our study, while index 
participants who did not have a partner return through passive 
referral reported more casual than steady partners, over half 
were living with steady partners. Thus, active referral may be 
high-yield in identifying transmission sources, as well as high-
risk HIV-1–negative partners.
We were able to evaluate 19 index-partner pairs. Earlier 
work demonstrated that partners in longer relationships were 
more likely to present for evaluation [7]. Accordingly, nearly 
all partners we evaluated were married and were thought to 
be in steady partnerships with the referring index participant. 
Among this group, 93% of HIV-infected pairs with available 
sequences had a close phylogenetic linkage. The percentage 
of linkages between AHI cases and partners in this study was 
higher than reported in longitudinal studies of serodiscordant 
couples [5, 6], where up to a third of new HIV-1 acquisition 
events have been ascribed to an unrelated sexual partner.
We found that many phylogenetically-linked dyads involved 
younger women, both as a partner (putative donor) and acute 
index (putative recipient). Such age discrepancies in sexual 
partnering has been proposed in similar settings as an import-
ant driver of transmission [27], though findings have been 
inconclusive in other studies [28]. Nonetheless, interventions 
addressing age-disparate partnering need to be further studied 
and addressed.
Among index cases who successfully referred partners in our 
study, the majority of subjects appeared to have acquired HIV-1 
from a partner with an established infection, although we do not 
know the time of the partner’s infection acquisition or whether 
the partner was unaware of his/her infection. Regardless of the 
duration of a relationship, transmission of HIV-1 from a person 
who has not initiated antiretroviral therapy remains a constant 
and substantial risk. Our phylogenic analysis is based on RT con-
sensus sequences and, thus, we cannot delineate transmission 
directionality or estimate the duration of HIV infection among 
partners. We observed 1 acute-acute transmission event. This 
is consistent with an elevated risk of infection during AHI. We 
observed identical drug resistance mutations in 2 dyads. Recently, 
non-adherence and drug resistance were found to be associated 
with ongoing HIV-1 transmission among discordant couples in 
Zambia and Rwanda, which underscores the need for strategies to 
promote adherence with increasing antiretroviral availability [29].
The HIV-1 incidence has decreased in many countries, which 
is generally ascribed to the detection and treatment of HIV-1 
infection, as emphasized by the Population-Based HIV Impact 
Assessment Projects [30]. However, people with acute HIV-1 
infections, which are demonstrably more contagious, repre-
sent a major challenge in HIV-1 detection and management. 
Furthermore, given the potential for onward transmission, 
identifying the partners of people with acute HIV-1 infections 
is critically important. In the current study, many partners of 
acutely-infected people were not reached with passive refer-
ral. Nevertheless, among the sub-group of partners presenting 
through passive referral, all but 1 or 2 were likely the source of 
infection and required HIV care. We anticipate that strategies 
of intensified AHI detection and partner referral will lead to 
improvements in HIV-1 prevention approaches.
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